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SYBR R© Green I is a sensitive stain for DNA in agarose
gels (Ref. [1]). Its enormous increase in fluorescence
upon binding to double-stranded DNA has led to its
use in monitoring the accumulation of product during
PCR (Ref. [2], [3]). However, SYBR Green I inhibits un-
modified PCR reactions. In this article, I show that using
smaller amounts of SYBR Green I and supplementing
the MgCl2 in the reaction relieves this inhibition. In ad-
dition, PCR products labeled with SYBR Green I can
be easily detected in the reaction tube with a fluores-
cence plate reader or in unstained agarose gels after
electrophoresis.
1. Protocol
▼Every reaction contained template (104 molecules),
dNTPs (0.2 mM each), primers (0.5 µM each) and Taq DNA
polymerase (Boehringer Mannheim, Indianapolis, IN, USA)
(0.25 U, 0.05 µl) in buffer (10 mM Tris pH 8.3, 1.5 mM
MgCl2, 50 mM KCl, 10 µl total volume). The template
(cloned human β-actin cDNA) and oligonucleotide primers
have been described (Ref. [4]).
SYBR Green I (Molecular Probes, Eugene, OR, USA) was
initially diluted 1:500 and then serially diluted 1:2 in TE
(10 mM Tris pH 8, 1 mM EDTA). 1 µl aliquots of these di-
lutions (or TE alone) were added to the indicated reactions,
with corrections made to maintain a 10 µl reaction volume.
The reactions were mixed on ice and the reaction tubes
(0.2 ml, Perkin–Elmer, Norwalk, CT, USA) were placed into
a thermal cycler (9600, Perkin–Elmer, Norwalk, CT, USA)
when the block was above 60◦C.
The tubes were heated at 94◦C for 1 min and then cycled
30 times under the following conditions: 94◦C for 30 sec,
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Fig. 1. The inhibition of PCR by SYBR Green I is relieved by additional
MgCl2. PCR reactions were performed without stain (lanes 1–3) or
with increasing amounts of SYBR Green I (lanes 4–12) with three
different concentrations of MgCl2 (1.5 mM, 3.0 mM and 4.0 mM). (a)
Fluorescence increase was measured on a fluorescence plate reader
(CytoFluor II, PerSeptive Biosystems, Framingham, MA, USA) using 485
nm excitation (20 nm bandpass filter) and 530 emission (30 nm
bandpass filter) with a gain of 50. The fluorescence increase in each
tube was calculated as (final−initial)÷initial. (b) Samples (4 µl) were
resolved by electrophoresis through a 1.5% agarose gel in TAE buffer
and imaged with a UV transilluminator (Kodak Digital, Rochester, NY,
USA) through a yellow filter (Wratten no. 15, Molecular Probes).
(c) The gel shown in (b) was subsequently stained with ethidium
bromide and imaged under UV light (Eagle Eye, Stratagene, La Jolla, CA,
USA). Lane M contains DNA size markers (0.1 µg pBR322 cut with
BstNI) (New England Biolabs, Beverly, MA, USA).
50◦C for 30 sec, 72◦C for 30 sec. The final incubation was
at 72◦C for 10 min.
PCR products were detected by three methods (Fig. 1):
first, increases in fluorescence measured on a fluorescence
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plate reader; second, fluorescent bands in an unstained gel;
and, third, after staining the gel with ethidium bromide.
2. Results
SYBR Green I strongly inhibited PCR amplification even at
1:30 000 dilution (Fig. 1, lane 4). PCRs with several differ-
ent templates and primers were inhibited by the addition
of SYBR Green I (not shown), suggesting that the inhibition
was not primer or template dependent. Other investigators
have noted an inhibition at lower SYBR Green I dilutions
(>1:7000) (Ref. [2]). However, strong inhibition of unmod-
ified reactions was observed up to a SYBR Green I dilution
of 1:60 000 (not shown).
Two modifications to the PCR conditions were tested
based upon the published reaction conditions: the addi-
tion of bovine serum albumin (BSA) or MgCl2 (Ref. [2]).
Addition of BSA (0.25 mg ml−1 final) did not reduce the
inhibition (not shown). However, additional MgCl2 could
completely relieve the inhibition of PCR by SYBR Green I
(Fig. 1). Inhibition caused by a 1:30 000 dilution of SYBR
Green I was relieved by increasing the MgCl2 concentra-
tion from 1.5 mM to 3 mM (Fig. 1, lanes 4, 5), whereas
inhibition caused by a 1:20 000 dilution of SYBR Green I
was relieved only by a 4 mM concentration of MgCl2 (Fig.
1, lane 9). These results show a correlation between the
amount of SYBR Green I in the reaction and the amount of
MgCl2 needed to overcome inhibition. However, addition
of MgCl2 up to 4 mM did not overcome inhibition caused
by a 1:10 000 dilution of SYBR Green I (Fig. 1, lane 12).
SYBR Green I fluorescence is also used to monitor prod-
uct accumulation continuously during PCR (Ref. [2]). How-
ever, PCR machines capable of real-time measurements are
expensive and rare. A fluorescent plate reader was tested
for its ability to detect product accumulation during these
PCR reactions. Fluorescence increases after PCR were de-
tected only in tubes that contained both SYBR Green I and
a discrete product (Fig. 1a), as detected by gel electrophore-
sis (Fig. 1b, c). This shows that a fluorescence plate reader
can be used with SYBR Green I to monitor PCR product
accumulation quickly.
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Products Used
Taq DNA Polymerase: Taq DNA Polymerase from
Roche Molecular Biochemicals
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Roche
Molecular Biochemicals
Taq polymerase: Taq polymerase from Roche
Molecular Biochemicals
Taq polymerase: Taq polymerase from Bioline
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
Taq DNA Polymerase: Taq DNA Polymerase from
Roche Molecular Biochemicals
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq DNA polymerase: Taq DNA polymerase from
Stratagene
Taq DNA polymerase: Taq DNA polymerase from
Takara Shuzo
Taq DNA polymerase: Taq DNA polymerase from
Amersham Pharmacia Biotech
Taq DNA polymerase: Taq DNA polymerase from
Boehringer Mannheim
0.2 ml MicroAmp 8-strip reaction tubes: 0.2
ml MicroAmp 8-strip reaction tubes from PE Applied
Biosystems
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
CytoFluor II: CytoFluor II from PerSeptive
Biosystems
CytoFluor II: CytoFluor II from PerSeptive
Biosystems
CytoFluor II: CytoFluor II from PerSeptive
Biosystems
Eagle Eye: Eagle Eye from Stratagene
pBR322: pBR322 from Promega Corporation
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